Sows were subjected to moderate heat stress in a chamber (32 C) from d 100 of pregnancy until <8 h before delivery of first piglet, while control sows were in a thermoneutral chamber (21 C) or farrowing house (22 C). Blood serum and colostrum at parturition of heat-stressed sows and their piglets! serum at birth had elevated cortisol concentrations. Total protein, globulin and immunoglobulin G (IgG) concentrations in sow serum tended to decrease as parturition time was approached; albumin did not change. Total protein and IgG concentrations in colostrum at parturition and in milk 24 and 48 h later tended to be lower in heat-stressed sows. Concentrations of these four protein fractions (total, globulin, IgG and albumin) in piglet serum at birth did not differ among treatment groups, but soon after cotostrum ingestion they increased markedly in all groups. Therefore, in all groups total protein remained constant while globulin and IgG decreased. Globulin concentration on d I was lowest in piglets from heat-stressed sows, but its rate of decrease after d 1 was not affected by sow treatment. Immunoglobulin G concentration was 11 mg/ml lower, but its rate of decrease through postnatal d 20 was slower in piglets from heat-stressed sows than in those from control sows; a 10-mg/ml difference in IgG concentration on postnatal d 1 has been associated with increased preweaning mortality in piglets. Higher cortisol concentration in serum and lower IgG in colostrum of sows under heat stress was associated in their piglets with higher serum cortisol at birth and lower serum IgG for the first 20 d postnatum.
Introduction
Full immunocompetence does not develop in piglets until 10 to 14 d after birth, and the half-life of immunoglobulin G (IgG), the main colostral immunoglobulin, in piglet blood is around 14 d (Curtis and Bournel 1971) . Piglets ordinarily acquire essential passive immunity soon after birth by absorbing intact antibodies from ingested sow colostrum. Factors that affect colostral composition and the piglet's ability to absorb intact immunoglobulins from the gut are crucial to piglet immunity and survival (Lecce, 1971; Hendrix et al., 1978; Blecha and Kelley, 1981) . In sow colostrum, all of the IgG, most of the IgM and 40% of the IgA come from the blood serum (Bourne and Curtis, 1973 ; Curtis, 1973) .
Environmental stressors generally result in an animal's increasing the secretion of adrenocorticotropin (ACTH) and the glucocorticoids. In turn, glucocorticoids can decrease the permeability of the neonatal gut to antibodies (Morris and Morris, 1976) and might be tympholytic, and thus immunosuppressive (Cohen, 1971 ). But little is actually known about any effect of stress on the late-term sow in terms of cortisol and IgG concentrations in sow blood, colostrum and piglet blood.
The objectives of this research were: 1) to determine any effect of a hot environment during the last 2' wk of gestation on concentrations of cortisol, IgG and other proteins in sow blood; 2) to measure periparturient concentrations of these same metabolites in sow colostrum and milk and sow and piglet blood and determine any effect of heat stress on these characteristics and 3) to quantify relations among concentrations of these metabolites in sow colostrum and milk and sow and piglet blood.
Experimental Procedure
Animals and Experimental Conditions. Fifteen multiparous crossbred sows (approximately 200 kg, predominantly Landrace and Hampshire) were fed 1.9 kg of a fortified 13% crude 445 J. Anim. Sci. 1987.65:445-455 protein corn-soy diet once daily during gestation. Each sow was assigned randomly to one of three treatment groups: 1) chamber thermoneutral control (CC)-sow in temperaturehumidity chamber at 21 C; 2) farm thermoneutral control (FC)--sow in Swine Research Center (SRC) farrowing house at 22 C; and 3) chamber heat stress (CH-sow in the chamber, for first 3 to 5 d (Period A) at 22 C and then at 32 C beginning on d 100 post-mating and continuing until 2 to 8 h before the first piglet was delivered (Period B), when the temperature was lowered to 21.5 C. On d 3 postpartum, sows and piglets from CC and CH groups were moved to the SRC farrowing house, where the experiment continued. In the chamber and at the SRC, piglets had access to a warm zone heated by an infrared lamp.
Breathing Rate and Rectal Temperature.
Breathing rate and rectal temperature of sows were measured daily at 1000, the former by counting flank movements for 1 rain, the latter by telethermometer and thermistor probe 4.
Blood Collection. Blood was collected from sows daily at 0800 for 18 d before parturition. A butterfly infusion set with 23-gauge hypodermic needle s and syringe was inserted into a sow's ear vein while she ate her daily ration. Venipuncture was done once daily for at least 6 d before the blood was saved for analysis so the sows could become accustomed to the procedure. All collections were made by the same person to minimize variation in routine. The procedure caused no noticeable behavioral reaction by the sow. Blood was collected from each piglet's umbilical cord at birth and from the vena cava of each at 1, 2, 4, 10, 20 and 28 d of age, using an 18-gauge hypodermic needle and syringe.
Blood from sows and piglets was kept at 37 C for 12 h and at 5 C for 12 h and then centrifuged (2,500 • g) 10 min to separate serum. :o NEN-049, New England Nuclear, North Villerica, MA.
Sera of five piglets selected randomly from each litter were pooled for analysis; sow sera were handled individually. All sera were frozen and held at -20 C until analyzed.
Colostrum and Milk Collection. Colostrum and milk were collected by manual expression near the beginning of parturition and 24 and 48 h later. Four teats were covered with adhesive tape at first sign of labor to ensure first-secretion samples. One portion of the sample was kept intact, while another had casein and free fat removed by ultracentrifugation (100,000 • g) 30 min at 20 C. Whey was removed by pipette and the sample was centrifuged again as before to ensure removal of macroparticles. These samples were kept at -20 C until analyzed.
Total Protein Analysis. Total protein (TP) in the fluids was quantified by a method involving binding of Coomassie brilliant blue G-2506 to protein (Bradford, 1976) . Standard protein solutions were made using bovine serum albumin 7 and porcine gamma globulin 8. Absorbance at 595 nm was measured after 2 min and again before 1 h.
Electropboretic Separation and Analysis of Blood Serum
Proteins. Blood serum protein fractions were separated and quantified by disc electrophoretic techniques in a polyacrylamide gel analytical system (Brewer and Ashworth, 1969) : 7.5% polyacrylamide lower gel (pH 8.9), 2.5% polyacrylamide upper gel (pH 6.9) and tris-glycine electrode buffer (pH 8.3). Serum samples diluted 1:100 and made 10% sucrose were layered onto upper gels of 5.5-x 75-ram select-bore glass tubes. Power ran at 12.5 mA per tube for 1.5 h. Gels were removed from tubes and placed in stain solution (1% amino black 10B 9 in 7% acetic acid) 1 h, destained in several changes of 7% acetic acid and scanned at 605 nm in a linear transport densitometer system with integrating recorder.
Cortisol Analysis. Concentrations of cortisol in blood serum and colostral whey were determined by radioimmunoassay kit 1~ following extraction with methylene chloride. Each sam~le was incubated with 700 to 1,000 cpm of H-cortisol-recovery tracer to correct for extraction loss (< 30%). Specific titer of cortisol antiserum (rabbit against cortisol-21-succinyl-bovine serum albumin) was determined by adding 3 Hhydrocortisone (35 pg) to several antiserum dilutions; the dilution for 40 to 50% binding was identified. Assay tracer was prepared by drying an appropriate aliquot of 17-hydroxycorticosterone [1,2-3H (N)] and redissolving it in assay buffer solution to 25 to 40 pg/.1 ml (3,000 cpm/.1 ml at 30% efficiency).
Standard curves were determined in each assay. Cortisol standard solution was diluted from .1 ng/.1 ml to .0005 ng/.1 ml, and ng of cortisol vs % bound was plotted semilogarithmically. Correlation coefficients for standard curves averaged .94. Samples with extreme values were rediluted and reassayed.
After extraction, assay tracer (3,000 cpm) was added to each sample, then to antiserum. After being mixed, they were incubated at 24 h at 4 C. Then a cold suspension of dextrancoated charcoal was added with constant stirring, and all tubes were mixed and held 5 min at 4 C, then centrifuged (2,000 • g) 10 min at 4 C. Supernatant fractions were transferred to scintillation vials and, after adding 5 ml scintillator solution, counted 5 min under conditions optimized for tritium.
IgG Analysis. A single radial-immunodiffusion procedure was used to measure IgG in blood serum, colostral whey and milk whey (Mancini et al., 1965) . Porcine antiporcine IgG (both heavy and light chains) was obtained from a commercial source 11 . The IgG used as a standard test protein was obtained from blood sera of adult sows after the method of Leary and Lecce (1979) and purified by ion-exchange chromatography using A-50 DEAE Sephadex 12. Purity of the IgG was confirmed by disc electrophoresis in 7.5% polyacrylamide.
To quantify IgG in serum, colostrum or milk, .8 g agarose in 100 ml .01 M trishydroxymethylaminomethane (tris)-HC1 buffer (pH 8.0) was liquified in boiling water and cooled to 56 C. Then antiserum was added (.2 ml antiporcine IgG/10 ml agarose) and 2 ml of the resulting solution pipetted onto a 25 • 75-mm microscope slide. After the agarose had hardened, three 3-mm-diameter wells were punched in the agar on each slide. Before each assay, isolated IgG standards wire diluted with .9% NaC1 solution to yield protein standards containing 9 5, 1, 1.5 and 2.5 mg protein/ml. Serum samples to be assayed were diluted by adding 2.9 ml .9% NaC1 solution to .1 ml serum, and then 5-/A aliquots were pipetted into the agar wells. Standard-protein solution, blood serum, colo-11 Lot 12606, Cappel Lab., Cochranvilte, PA. m Lot 18C-0183, Sigma Chemical Co., St. Louis, MO. stral whey or milk whey was allowed to diffuse into agar, after which the slides were placed in a we t box, which was sealed, leveled and incubated 72 h at 22 C. Subsequently, the diameter of each zone of precipitation was measured and a standard curve prepared by plotting the square of the diameter against the corresponding IgG standard concentrations.
Statistical Analysis. Data from heat-stressed (CH) sows had to be analyzed for two periods (CH-A and CH-B); to be able to compare results across treatments, CC and FC data also were analyzed for two periods: Period A-3 to 5 d before d 100 of pregnancy (d 100 being approximately the beginning of the last 2 wk of gestation) and Period B-approximately the last 2 wk of gestation.
Data were subjected to analysis of variance for a completely randomized design and using single-degree-of-freedom comparisons. When treatment means did not differ, the groups' data were pooled. Rectal temperature, breathing rate and cortisol concentration data were subjected to least significant difference tests. Effects of time on sow and piglet serum proteins and cortisol concentrations were tested using orthogonal polynominals, which allowed partitioning of treatment sums of squares into linear, quadratic and cubic components (Snedecor and Cochran, 1967) . Slopes of linear regressions were tested for homogeneity to determine whether they could be estimated as a common coefficient. The t statistic was distributed as Student's t with (nl+ n2 -4) degrees of freedom (Steel and Torrie, 1960) . Simple linear coefficients of correlation between variables were calculated.
Results and Discussion
During the last 2 wk of gestation (Period B), rectal temperature was higher in CH sows than in others (P<.01; table 1). Breathing rate was highest in CH-B sows (P<.01; table 1), but did not differ between other groups or between times within any group. Thus, the environmental temperature employed (32 C)evidently did cause heat stress in CH-B sows, in accordance with other findings (Omtvedt et al., 1971; Kelley and Curtis, 1978) .
Piglet body weight at birth and at weaning did not differ among groups, also treatment did not affect postnatal weight gain (table 2) . Treatment did not affect litter size at farrowing or weaning (table 2). Comparisons of mortality rate among groups after eliminating data of CValue for sows in chamber heat stress group during period B (CH-B) differs from those for sows in CH-A or in CC or FC groups in period A or B (P<.O1).
stillborns and those that died by accident due to causes unrelated to the experiment revealed no significant differences among the three groups: CC, 6/44 = .14; FC, 7/49 = .14 and CH, 16/84 = .19, and all treatments were within industry norms (Svendsen and Bille, 1981) .
Serum Cortisol in Sows. Serum cortisol concentration was higher in CH-B sows (79.9 ng/ml, P<.01; table 3, figure 1) in comparison to that in sows in nonstressful thermal environments (26.8). Control values were lower than those for cortisol reported by Killian et al. (1973) or for total corticosteroids by Ash and Heap (1975) in sows in similar conditions, possibly due to different sampling techniques. The concentration varied appreciably from day to day (figure 1). Elevated blood cortisol has been found in heat-stressed cows (Christison and Johnson, 1972; Alvarez and Johnson, 1973 ) and growing pigs (Aberle et al., 1974; Marp|e et al., 1974) .
Colostral Whey Cortisol. Colostral whey cortisol concentration in CC and FC cows was less than half that in CH sows (table 4) . Schwalm and Tucker (1978) and Bremel and Gangwer (1978) also found direct relationships between hormone concentrations in the blood and milk of cows. Elevated cortisol was found in milk of transport-stressed cows (Brernel and Gangwer, 1978) .
Serum Cortisol in Piglets. Cortisol concentration was higher in piglets born to CH sows than in those born to CC or FC sows (table 4). The coefficient of correlation between cortisol concentration in a sow's serum and in her piglets' pooled sera was .92 (P<.01).
Serum Proteins in Sows. Concentrations of TP, albumin, globulin and lgG in sow serum Environmental temperature conditions described in table 1. bperiod A = 3 to 5 d before d 100 of pregnancy; B = d 100 of pregnancy to 2 to 8 h before first piglet delivered.
Cvalue for sows in chamber heat stress group during period B (CH-B) differs from those for sows in CH-A or in CC or FC groups in period A or B (P<.O1). reflected no effect of treatment. In preparturient sows, serum TP concentration decreased from around 66 mg/ml approximately 14 d before parturition to around 55 at parturition (figure 2). The pooled regression coefficient was -.75 (mg/ml) per d (r = -.82, P<.01), Comparison of average TP concentration and tests of homogeneity of regression coefficients among treatments revealed no significant differences.
Observed decreases in TP concentration were due mainly to a drop in IgG. Concentrations of globulin and IgG in sow serum decreased over time in all groups during the last 14 d of gestation (figure 2). The homogeneity of regression coefficients test among treatments for both globulin and IgG showed no difference due to treatment; the pooled regression coefficients were -.67 (mg/ml) per d (r = -.92, P<.01) and -.49 (mg/ml) per d (r = -.85, P<.01), respectively. Concentrations of globulin and IgG did not differ among treatments. Albumin did not change appreciably over time and varied little due to treatment (figure 2); average concentration was 20.6 mg/ml.
A drop of about 30% in IgG concentration was observed in sow sera during the last 2 wk before farrowing, in agreement with results of Martinsson (1972) . Prepartal hypogammaglobulinemia in the dam can be attributed to the shunting of immunoglobulins from her blood to her mammary glands.
Colostral Proteins. TP and IgG concentrations in colostrum at parturition and in milk on d 1 and 2 postpartum tended to be lower in CH sows than in the other sows (table 5) . A sixfold drop in IgG concentration in the lacteal secretion occurred in the first 48 h postpartum. These results generally agree with those reported (Porter, 1969; Curtis and Bourne, 1971; Martinsson, 1972) . However, higher colostral TP concentration, sharper decrease in IgG after parturition and smaller percentage of IgG in the mammary secretion have been reported (Curtis and Bourne, 1971) .
Serum Proteins in Piglets. TP, globulin and albumin concentrations in piglet blood serum at birth were not influenced by sow treatments (table 6) . TP concentration in piglet serum at birth (23.5 mg/ml) was less than 20% that in sow serum at the same time (table 5) . Globulin comprised the major component of piglet serum at birth (17.9 mg/ml); albumin made up a minor fraction (3.8 mg/ml) and IgG was undetectable, Albumin increased to 20.7 mg/ml in piglet serum between d 1 and 28 in all groups (table   9 CHAMBER CONTROL Environmental temperature conditions described in table 1, bValue for piglets in chamber heat stress group differs from those for piglets in control groups (P<.01).
6). Neither regression coefficients nor average concentrations differed among groups. The pooled regression coefficient for all treatments was .48 (mg/ml) per d (r = .88, P<.01). However, after an initial increase from a mean of 17.9 mg/ml to a mean of 40.5 mg/ml on postnatal d 1, the globulin fraction decreased over time.
The regression coefficient for serum globulin in piglets from all groups combined was -.38 (mg/ml) per d (r = .90, P<.01). Globulin concentration in CH piglets was lower than in CC and FC groups (table 6) . Like total globulin, IgG in piglet serum peaked around postnatal d 1, and then fell gradually through d 28 (table 6 ). The mean value in CH piglets (19.6 mg/ml) was lower (P<.01) than in counterparts from CC (31.5) or FC sows (29.9; table 6). Linearity (P<.01) of concentration change existed between postnatal d 1 and 20. The regression coefficient for CH piglets was lower than for CC or FC piglets; values for CC, FC and CH piglets, respectively, were: -92 (mg/ml) per d (r = -.90, P<.01), -.79 (r = -.84, P<.01) and -.39 (r = -.82, P<.01). Still, absolute IgG values were 11 mg/ml lower in CH piglets than in control piglets on d 1, suggesting that their chances for survival were reduced (Lecce, 1971; Hendrix et al., 1978; Blecha and Kelley, 1981) .
Discussion
Fluctuations in blood serum protein components found in unsuckled neonatal piglets accord well with earlier findings (Lecce and Matrone, 1960; Bengtsson, 1974) .
Likewise, present results for IgG in piglets agree in general with those reported earlier (Karlsson, 1966; Porter and Hill, 1970; Curtis and Bourne, 1971 ). In our experiment, piglets from CH sows had lower blood serum IgG concentration during the first 20 postnatal days compared with those from CC or FC sows. Thus, IgG absorption apparently was related to blood cortisol; piglets from CH sows had high cortisol concentration at birth, and the strong positive correlation (r = .92, P<.01) between cortisol in sow and piglet blood sera suggests that this resulted from a high concentration in sow blood. Of course, serum IgG concentration might generally reflect an animal's systemic immune status, but it tells little or nothing qualitatively or quantitatively about the immunoglobulins' protective capacity. Nonetheless, piglets that die before weaning tend to have 10 to 15 mg less IgG/ml serum at 12 to 36 h of age compared with those that survive (Lecce, 1971; Hendrix et al., 1978; Blecha and Kelley, 1981) .
IgG Transfer to Mammary Glands. Sterzl and Silverstein (1967) found no evidence that antibodies were transferred from immunized pregnant sows to their fetal piglets. Total igG concentration in sow blood serum decreased from 25 mg/ml 14 d prepartum to 15 mg/ml at parturition (Martinsson, 1972) . This fits the model of immunoglobulin transfer from blood to mammary glands. In sow colostrum, all of the IgG, most of the IgM and 40% of the IgA come from the blood (Bourne and Curtis, 1973) .
Passive Immunity: Effects of Corticosteroids. Acquisition of colostrum is crucial to the piglet's humoral immunity and energy supplies (Lecce and Matrone, 1960; Miller et al., 1962; Curtis and Bourne, 1971; Aumaitre and Sere, 1978; LeDividich and Nobler, 1981) . Most piglets taken from the sow at birth develop diarrhea around d 4 and die if not treated (Weybrew et al., 1949; Barrick et al., 1954) . De novo antibody synthesis does not occur in utero (Kim et al., 1966) , so colostrum-deprived piglets are immunologically virgin. But, following colostrum ingestion, intestinal absorption of immunoglobulins into the bloodstream changes the serum electrophoretic profile dramatically (Lecce and Matrone, 1960; Morris, 1968) . A piglet's immunocompetence depends not only on the nature of the antigen, but on the presence of circulating antibodies (mainly IgG) that the piglet has received passively from its dam (Redman, 1979) .
Corticosteroids can accelerate small intestinal development and induce premature cessation of intestinal antibody absorption in rat pups (Moog, 1953; Moog and Thomas, 1955; Halliday, 1959) . In piglets, closure ensued 48 to 72 h after injection of cortisone acetate (Payne and Marsh, 1962) .
Heat Stress in Preparturient Sows. High environmental temperature raises rectal temperature and breathing rate in pigs. Effects of hot environments (32 and 38 C) were measured in gilts on d 102 to 110 post-mating (Omtvedt et al., 1971) . Average rectal temperature in the heat-stressed gilts was higher than in those at thermoneutrality (23 C). In another study of effects of heat stress on periparturient sows and gilts, breathing rate and rectal temperature were elevated in the hot environment (30 C) compared with thermoneutral conditions (20.5 C; Kelley and Curtis, 1978) .
Corticosteroids in Dam's Blood and Lacteal Secretions. Killian et al. (1973) found a diurnal cycle in plasma corticoid concentration in pregnant and parturient sows, which was highest in the morning. Corticoid concentration ranged from 20 to 35 ng/ml during the preparturient period, and was higher during the 24 h immediately before parturition. Plasma cortisol concentration averaged 33 ng/ml in sows during the last 18 d of gestation, and approximately 30 ng/ml in neonatal piglet umbilical vein blood plasma (Ash and Heap, 1975) .
Concentrations of reproductive and corticosteroid hormones in cow milk parallel those in the blood during the estrous cycle and pregnancy Tucker, 1976, 1977; Schwalm and Tucker, 1978) . Also, either injection of 200 IU ACTH or transportation by truck caused cow milk cortisol concentration to increase threefold (Bremel and Gangwer, 1978) .
Conclusions
The effect of moderate heat stress in pregnant sows on development of passive immunity in their piglets has been investigated. Sows subjected to high temperature during the last 2 wk of gestation had increased rectal temperature and breathing rate. Cortisol concentration was higher in blood serum of heat-stressed sows, and their piglets had higher concentrations of serum cortisol at birth. Increased cortisol concentration was also found in the first lacteal secretion of heat-stressed sows.
Serum TP and its albumin, globulin and immunoglobulin G fractions were measured daily in sows during the last 2 wk of gestation and in piglets at birth and on d 1, 2, 3, 10, 20 and 28 postpartum. In sows, concentration of TP, globulin and IgG decreased linearly as parturition approached. However, neither regression coefficients nor average concentrations differed among treatments. Albumin showed no trend in concentration among treatments. The time-related decreased observed in TP and globulin was due mainly to the decrease in IgG, which is transported from blood serum to mammary glands in the last 2 wk before parturition.
TP and immunoglobulin concentrations were measured in the lacteal secretion at parturition and 24 and 48 h postpartum. Values were lower in heat-stressed sows, but no significant difference was found among treatments.
In piglets at birth, concentrations of TP, albumin, globulin and IgG did not differ among treatments. After colostrum ingestion, concentrations of all serum components measured increased dramatically in the first 24 h. TP, after increasing in the first 24 h, remained stable in all treatments groups. An exception occurred between d 20 and 28 posnatum in piglets from heat-stressed sows, when TP was elevated. Albumin increased until d 28 postnatum. Total globulin and IgG decreased in all treatment groups after the increase in the first 24 h. There were no differences in the rate of total globulin decrease, but total globulin concentration in piglets from heat-stressed sows was significantly lower. IgG in piglets from heat-stressed sows decreased more slowly than in control piglets between d 1 and 20 postnatum.
Reduced specific antibody concentrations can contribute to preweaning mortality in piglets. The absolute concentration required to ensure survival seems to vary among situations, but there is evidence that piglets that die before weaning tend to have 10 to 15 mg less immunoglobulin/ml serum at 12 to 36 h of age than do piglets that survive (Lecce, 1971 ; Hendrix et al., 1978; Blecha and Kelley, 1981) . Piglets from heat-stressed sows experienced decrements of this magnitude on d 1 (table 6) .
Mortality and weight gain were registered between farrowing and weaning on d 28 postpartum; treatment had no effect on either trait.
The results suggest that a high cortisol concentration in sow blood might be associated with a high cortisol concentration in piglet blood at birth, which in turn might be responsible for reduced absorption of intact IgG from the piglet's gut. If the adult immunoglobulin profile represents the optimum for effective systemic immunity, then throughout the period studied, systemic immunity in none of the piglets was optimal. Of course, while systemic IgG concentration might indicate an animal's general immune status, circulating immunoglobulin concentration gives no indication as to the specificity of the immunity that may be present or that may have developed in the tissue immune system (e.g., secretory antibodies in the intestinal tract), which is important in resisting certain infections common in young animals.
